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(57)Abstract: 

PROBLEM TO BE SOLVED: To allow a glass/ceramic substrate to contract only 
in the thickness direction during sintering, while preventing contraction in the 
plane direction by mounting green sheets on both surfaces of a pre-sintering 



multi-layer glass/ ceramic substrate for forming a laminate and then sintering it. 
SOLUTION: A multi-layer glass/ceramic substrate green laminate comprising on 
its both surfaces a green sheet 1 comprising a composition containing at least 
one kind of quartz, cristobalite and tridymite or a composition containing a 
sintering assisting agent, or a green sheets 1 comprising a composition 
containing a tridymite which is sintered at a sintering temperature of a multi- layer 
glass/ceramic substrate material and an oxide which is not sintered in the 
sintering process, is sintered. By removing the compositions on both surfaces, a 
multi-layer glass/ceramic substrate is obtained. Thus, the change in sizes 
between before sintering and after sintering are canceled out, so that a substrate 
without contraction in the plane direction is obtained. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the multilayer glass ceramic substrate 
characterized by being the manufacture approach of a multilayer glass ceramic 
substrate that the conductor or the conductor, and the capacitor were formed in 
the interior, carrying the green sheet which consists of a quartz, a cristobalite, 
and a constituent of tridymite that contains a kind at least in both sides of the 
multilayer glass ceramic substrate before bailing, forming a layered product, and 
calcinating this. 

[Claim 2] The manufacture approach of the multilayer glass ceramic substrate of 
claim 1 that the green sheet carried in both sides of said multilayer glass ceramic 
substrate is characterized by containing sintering acid. 
[Claim 3] The manufacture approach of the multilayer glass ceramic substrate 

according to claim 2 characterized by being the oxide with which said sintering 
acid becomes soft below at the sintering initiation temperature of a glass ceramic 
substrate, or generates the liquid phase. 

[Claim 4] The manufacture approach of a multilayer glass ceramic substrate 
according to claim 3 that said sintering acid is any one or more sorts of lead 
silicate aluminum glass, lead silicate alkali glass, lead silicate alkaline earth glass, 
HOU lead silicate glass, HOD silicic acid alkali glass, boric-acid aluminum lead 
glass, boric-acid lead alkali glass, boric-acid lead alkaline earth glass, and boric- 



acid lead zinc glass. 

[Claim 5] The manufacture approach of a multilayer glass ceramic substrate 
according to claim 2 that said sintering acid is characterized by being an alkali 
metal compound. 

[Claim 6] It is the manufacture approach of a multilayer glass ceramic substrate 
that the conductor or the conductor, and the capacitor were formed in the interior. 
The tridymite sintered in the baking process of a multilayer glass ceramic 
substrate to both sides of said glass ceramic substrate before baking, The 
manufacture approach of a multilayer glass ceramic substrate given in the claim 
characterized by carrying the green sheet which consists of a constituent 
containing the oxide which is not sintered in the baking process of a multilayer 
glass ceramic substrate, forming a layered product, and calcinating this. 
[Claim 7] The manufacture approach of the multilayer glass ceramic substrate 
according to claim 6 characterized by the oxide which is not sintered in the 
baking process of said multilayer glass ceramic substrate being any one or more 
sorts of a quartz, a fused quartz, an alumina, a mullite, and the zirconia. 
[Claim 8] The manufacture approach of the multilayer glass ceramic substrate of 
claims 1-7 characterized by removing a double-sided constituent after baking. 
[Claim 9] The manufacture approach of the multilayer glass ceramic substrate 
according to claim 1 to 8 characterized by calcinating by pressurizing said green 
sheet layered product at the time of baking. 

[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention carries Senni-conductor LSI, a chip, etc., 
and relates to the manufacture approach of the nnultilayer glass cerannic 
substrate for carrying out mutual wiring of them. 

[0002] 

[Description of the Prior Art] In recent years, small and lightweight-ization are 
desired also for the wiring substrate with which small and lightweight-ization are 
progressing and Semi-conductor LSI, a chip, etc. mount these, high density 
wiring demanded obtains the multilayered ceramic substrate which arranged the 
internal electrode etc. in the substrate to such a demand ~ having ~ in addition ~ 
and in today's electronics industry, it is seriously taken by that thin-shape-izing is 
possible. 

[0003] the conductor as an electrode material used for a multilayered ceramic 
substrate ~ generally constituents are a conductive metal, an inorganic oxide, 
and a paste-like constituent with which glass powder is distributed in the organic 
medium. As a conductor material, electric resistance is low and the gold which 
can be safe also for the facility which can be used and can manufacture it easily, 
silver, copper, and palladium are used. The low-temperature baking glass 
ceramic has been developed as these metals and a ceramic ingredient which 
can carry out simultaneous baking. 

[0004] A multilayer glass ceramic substrate produces the contraction 
accompanying sintering in a baking process. Shrinking percentage and the 
contraction direction change with the inorganic material for substrates which uses 
this contraction, a green sheet presentation, a fine-particles lot, a circuit pattern. 



an internal electrode ingredient, dielectric nnaterials to build in. This is set to 
production of a multilayer glass ceramic substrate, and has produced the 
problem of shoes. 

[0005] Although the shrinking percentage of a substrate must be first counted 
backward and made in the first place in case the screen version for internal 
electrode printing is produced in the first place, the shrinking percentage of a 
substrate will change on condition that the above. For this reason, the screen 
version must be repeatedly remade according to each manufacture lot, and is 
uneconomical. Furthermore, the electrode of a large area beyond the need must 
be formed so that a contraction error may be permitted beforehand, and high- 
density wiring becomes impossible. 

[0006] When forming [ second ] a capacitor with a big capacity in the interior of a 
substrate for the miniaturization of a multilayered ceramic substrate, 
simultaneous baking of a substrate ingredient and the dielectric materials must 
be carried out. If the shrinking percentage of the direction of a flat surface of a 
substrate ingredient and dielectric materials differs at this time, the substrate 
front face of a part in which the dielectric was formed will be dented. For this 
reason, it becomes difficult to mount components in a substrate front face. 
[0007] The multilayer glass ceramic substrate produced by the third with the 
green sheet laminated layers method changes in contraction of the cross 
direction and a longitudinal direction with directions of film formation of a green 
sheet. This has also been the failure of multilayer glass ceramic substrate 
production. 

[0008] In order to lessen change of these contraction if possible, of course, 
investigating the inclination of the shrinking percentage of the substrate by the 
circuit design needs to manage enough laminating conditions, such as 
management of a substrate ingredient and a green sheet presentation, a 
difference in a fine-particles lot, press **, and temperature, also in a production 
process. However, generally it is said that about **0.5% of errors of contraction 
exists. 



[0009] This is a teclinical problem common to tlie tiling accompanied by sintering 
of a ceramic, a glass ceramic, etc. irrespective of a multilayer glass ceramic 
substrate. Then, in JP,7-46540,B and JP,5-102666,A, the request number-of- 
sheets laminating of the thing in which the electrode pattern was formed was 
carried out to the green sheet which consists of a low-temperature baking glass 
ceramic, the laminating was carried out so that it might insert and might be 
crowded with the burning temperature of said low-temperature baking glass 
ceramic substrate ingredient on both sides or one side of this layered product 
with the green sheet which consists of an inorganic composition which is not 
sintered, said layered product was calcinated, and invention of removing the 
inorganic composition which is not sintered after an appropriate time was made. 
By these, only the thickness direction can produce the substrate with which 
contraction takes place and contraction of the direction of a flat surface does not 
take place, and can solve the above technical problems. 
[0010] 

[Problem(s) to be Solved by the Invention] Although the substrate with which 
contraction of the direction of a flat surface does not take place is produced by 
the above approaches, a problem is in the point of the clearance of an inorganic 
composition which carried out the laminating to both sides or one side of a low- 
temperature baking glass ceramic layered product at this approach. In said JP,7- 
46520,8, more than a kind is used for the non-sintered inorganic composition at 
least among an alumina, a zirconium dioxide, alumimium nitride, boron nitride, 
the mullite, and the magnesium oxide. These are stuck to the substrate front face 
after baking, and must be removed with a brush etc. However, removing with a 
brush one by one takes time and effort dramatically. In said JP,5-102666,A, more 
than a kind is used at least as an inorganic composition which is not sintered 
[ this ] among aluminum 203, and MgO, Zr02, Ti02, BeO and BN. These are 
stuck to the substrate front face after baking, and in order to remove, they must 
perform ultrasonic cleaning. However, when all non-sintered inorganic 
compositions are dropped to ultrasonic cleaning, time amount will be taken and it 



will increase by one step fronn a process usual also in process. As an approach 
of solving this technical problem, it replaces with said inorganic composition in 
JP, 5-32721 8,A, and at the sintering temperature of a glass ceramic substrate 
ingredient, after carrying out the laminating of the glass which crystallization does 
not take place but is crystallized above the crystallization termination temperature 
of the glass in a glass ceramic substrate ingredient to both sides or one side, the 
manufacture approach of a multilayered ceramic substrate of calcinating this is 
indicated. According to this approach, clearance of the laminated material for 
preventing contraction of the direction of a flat surface does not need to perform 
ultrasonic cleaning. However, by this approach, since fine particles were only 
hardened and laminated material has stuck to the substrate front face, in the 
point of clearance of laminated material, there is still a problem. Since it must 
furthermore heat-treat at an elevated temperature further after baking of a glass 
ceramic, problems, like an opening is made between an electrode and a 
substrate arise. 

[0011] In consideration of the technical problem of such a conventional 
manufacture approach, this invention has few routing counters and aims at 
offering the manufacture approach of a multilayered ceramic substrate that 
contraction of the direction of a flat surface does not take place. 
[0012] 

[Means for Solving the Problem] Such an object is attained by this invention of 
following the (1) - (9). 

[0013] (1) The manufacture approach of the multilayer glass ceramic substrate 
characterized by being the manufacture approach of a multilayer glass ceramic 
substrate that the conductor or the conductor, and the capacitor were formed in 
the interior, carrying the green sheet which consists of a quartz, a cristobalite, 

and a constituent of tridymite that contains a kind at least in both sides of the 
multilayer glass ceramic substrate before baking, forming a layered product, and 
calcinating this. 

[0014] (2) The manufacture approach of the multilayer glass ceramic substrate of 



(1) that the green sheet carried in both sides of said nnultilayer glass cerannic 
substrate is characterized by containing sintering acid. 
[0015] (3) The manufacture approach of a multilayer glass ceramic substrate 
given in (2) characterized by being the oxide with which said sintering acid 
becomes soft below at the sintering initiation temperature of a glass ceramic 
substrate, or generates the liquid phase. 

[0016] (4) The manufacture approach of a multilayer glass ceramic substrate 
given in (3) said whose sintering acid is any one or more sorts of lead silicate 
aluminum glass, lead silicate alkali glass, lead silicate alkaline earth glass, HOU 
lead silicate glass, HOU silicic acid alkali glass, boric-acid aluminum lead glass, 
boric-acid lead alkali glass, boric-acid lead alkaline earth glass, and boric-acid 
lead zinc glass. 

[0017] (5) The manufacture approach of a multilayer glass ceramic substrate 
given in (2) to which said sintering acid is characterized by being an alkali metal 

compound. 

[0018] (6) It is the manufacture approach of a multilayer glass ceramic substrate 
that the conductor or the conductor, and the capacitor were formed in the interior. 
The tridymite sintered in the baking process of a multilayer glass ceramic 
substrate to both sides of said glass ceramic substrate before baking. The 
manufacture approach of a multilayer glass ceramic substrate given in the claim 
characterized by carrying the green sheet which consists of a constituent 
containing the oxide which is not sintered in the baking process of a multilayer 
glass ceramic substrate, forming a layered product, and calcinating this. 
[0019] (7) The manufacture approach of a multilayer glass ceramic substrate 
given in (6) characterized by the oxide which is not sintered in the baking process 
of said multilayer glass ceramic substrate being any one or more sorts of a 
quartz, a fused quartz, an alumina, a mullite, and the zirconia. 
[0020] (8) The manufacture approach of the multilayer glass ceramic substrate of 
(1) - (7) characterized by removing a double-sided constituent after baking. 
[0021] (9) The manufacture approach of a multilayer glass ceramic substrate 



given in (1) - (8) cliaracterized by calcinating by pressurizing said green slieet 

layered product at the time of baking. 
[0022] 

[Embodiment of the Invention] The green sheet with which this invention consists 
of a quartz, a cristobalite, and a constituent of tridymite that contains a kind at 
least, Or the green sheet which consists of said constituent containing sintering 
acid. Or the multilayer glass ceramic substrate Green layered product which has 
the green sheet which consists of a constituent containing the tridymite sintered 
with the burning temperature of a multilayer glass ceramic substrate ingredient 
and the oxide which is not sintered in a baking process to both sides is calcinated. 
By removing a double-sided constituent after that, the multilayer glass ceramic 
substrate with which contraction of the direction of a flat surface does not take 
place is obtained. 

[0023] In this invention, the manufacture approach in the case of using the green 
sheet which consists of a quartz, a cristobalite, and a constituent of tridymite that 
contains a kind at least is explained. 

[0024] On the green sheet which added and produced the organic binder, the 
plasticizer, etc. into the glass ceramic ingredient, an electrode pattern is formed 
with a conductive paste constituent, and a multilayer glass ceramic layered 
product is produced by predetermined carrying out the number-of-sheets 
laminating of these sheets, and multilayering so that it may become a desired 
circuit pattern. After an appropriate time, the laminating of the green sheet which 
becomes both sides of said glass ceramic layered product from a quartz, a 
cristobalite, and the constituent of tridymite that contains a kind at least is carried 
out. Thermocompression bonding of this is carried out and the Green layered 
product is produced. And after carrying out debinder processing of the organic 
substance of said layered product and performing the usual baking, a substrate 
without contraction of the direction of a flat surface is obtained by removing the 
inorganic composition which is not sintered [ double-sided ]. This is based on the 
following reasons. 



[0025] In order not to sinter said constituent in tlie burning tennperature of a 
multilayer glass ceramic substrate ingredient, contraction does not take place. 
Since the multilayer glass ceramic layered product has stuck with the sheet 
which consists of said constituent, it cannot contract in the direction of a flat 
surface at the time of baking, but only as for the thickness direction, contraction 
takes place as the whole substrate. In addition, although said constituent 
requires stress in the direction in which coefficient of thermal expansion expands 
the flat surface of a substrate greatly, since said constituent does not sinter, 
when the particle in a sheet moves, the stress is eased and amplification of the 
direction of a flat surface of a multilayer glass ceramic substrate does not happen 
as a result. 

[0026] Moreover, said constituent has the transformation point when heat shrink 
behavior changes rapidly. For this reason, in the baking process of a multilayer 
glass ceramic substrate, rapid stress arises between substrates during cooling. 
Therefore, it is possible to remove easily said constituent which carried out the 
laminating to both sides by dropping [ scratch ] etc. from a multilayer glass 
ceramic layered product, even if it does not perform ultrasonic cleaning. 
[0027] As for said constituent, it is desirable to contain sintering acid. This reason 
is that said constituent which carried out the laminating to both sides can sinter in 
the shape of a sheet, said constituent can be stripped from a multilayer glass 
ceramic substrate front face in the state of a sheet after baking, and removal 
becomes still easier. When not adding sintering acid, said constituent is not 
sintered in the baking process of a multilayer glass ceramic substrate, but exists 
in the state of fine particles on the surface of a substrate. This stress may be 
eased even if stress is applied between glass ceramic substrates in a phase 
transformation point, since a particle can be moved during cooling if it is in the 
condition of fine particles. On the other hand, by carrying out the laminating of 
the constituent containing sintering acid to both sides, such a problem can be 
avoided and it becomes possible to remove a double-sided constituent more 
easily. In addition, when it contains sintering acid, it is thought that the following 



phenomena have occurred in a baking process. A quartz, a cristobalite, and 
tridymite have a large coefficient of thernnal expansion compared with about 20 
ppm [ degree C ] /, about 50 ppm [ degree C ] /and degree C, about 40 ppm /, 
and a multilayer glass ceramic substrate ingredient respectively. In a baking 
process, in order to influence [ by which the laminating was carried out to both 
sides ] a glass ceramic substrate ingredient of a big coefficient of thermal 
expansion of said constituent, the area of the direction of a flat surface becomes 
large. However, in order to calcinate this and to contract, the dimensional change 
baking before and after baking will be offset as a result, and a substrate without 
contraction of the direction of a flat surface will be obtained. 
[0028] The oxide which becomes soft below at the sintering initiation temperature 
of a multilayer glass ceramic substrate, or generates the liquid phase as sintering 
acid is used. When it sinters in order for the particles of said constituent to join 
together, when the former is used and an additive becomes soft, and the latter is 
used, it will sinter, in order for the particle front face of said constituent to react 
and for particles to join together, when an additive generates the liquid phase. 
Although not limited especially as such an oxide, any one or more sorts of lead 
silicate aluminum glass, lead silicate alkali glass, lead silicate alkaline earth glass, 
HOU lead silicate glass, HOU silicic acid alkali glass, boric-acid aluminum lead 
glass, boric-acid lead alkali glass, boric-acid lead alkaline earth glass, and boric- 
acid lead zinc glass are desirable. 

[0029] Moreover, an alkali metal compound may be used as sintering acid. There 
is effectiveness to which progress of sintering of Si02 is urged in an alkali metal 
compound. Therefore, a quartz, a cristobalite, and the constituent of tridymite 
that contains a kind at least will be sintered by adding an alkali metal compound. 
Although such a compound especially is not limited, a lithium carbonate, 
potassium carbonate, a sodium carbonate, lithium oxide, potassium oxide, etc. 
are desirable. 

[0030] Next, by calcinating the multilayer glass ceramic substrate Green layered 
product which has the tridymite sintered in the baking process of a multilayer 



glass ceramic and the green sheet which consists of a constituent containing the 
oxide which is not sintered in the bal<ing process of a multilayer glass ceramic to 
both sides in this invention, and removing a double-sided constituent after that 
explains how to obtain the multilayer glass ceramic substrate with which 
contraction of the direction of a flat surface does not take place. 
[0031] Tridymite can change various sintering temperature by selection of a 
presentation. Stress produces tridymite on a boundary with a substrate by 
sintering. However, the coefficient of thermal expansion of tridymite is large, and 
a coefficient of thermal expansion reaches [ degree C ] in 40 ppm /depending on 
temperature. For this reason, there is a differential thermal expansion with a 
glass ceramic ingredient (about 3-10 ppm/(degree C)) too much, and it may peel 
before sintering. In order to prevent this, the oxide which is not sintered with the 
burning temperature of a multilayer glass ceramic substrate ingredient is added, 
and a coefficient of thermal expansion is adjusted, and it is made to peel 
automatically in the state of a sheet after sintering. Thereby, even if it does not 
perform ultrasonic cleaning, removal from a glass ceramic layered product 
becomes easy. In addition, the situation of baking in this case is considered that 
the same phenomenon as the case where what added sintering acid is used for a 
quartz, a cristobalite, and the constituent of tridymite that contains a kind at least 
has occurred. In addition, the tridymite sintered in the baking process of a 
ceramic is producible by heat-treating by adding an alkali metal compound to a 
quartz etc. 

[0032] Moreover, although not limited especially as oxide which is not sintered in 
the baking process of a glass ceramic substrate, a quartz, a fused quartz, an 
alumina, a mullite, a zirconia, etc. are used preferably. 
[0033] The green sheet which consists of a quartz, a cristobalite, and a 

constituent of tridymite that contains a kind at least, Or the green sheet which 
consists of said constituent containing sintering acid, At or the time of baking of 
the multilayer glass ceramic substrate Green layered product which it has to both 
sides, the green sheet which consists of a constituent containing the tridymite 



sintered with tlie burning tennperature of a nnultilayer glass cerannic substrate 
ingredient, and tlie oxide wh\ch is not sintered in a bal<ing process If it calcinates 
pressurizing, the curvature of a substrate can be suppressed, and the degree of 
sintering of the thickness direction is promoted further, and a precise sintered 
compact can be obtained. What is necessary is to carry the plate for a load which 
does not react as the approach of application-of-pressure baking at the time of 
said layered product and baking, and just to calcinate. 
[0034] In addition, in the above-mentioned explanation, a multilayer glass 
ceramic substrate ingredient is the mixture of glass and the aggregate. Although 
especially the multilayer glass ceramic substrate ingredient used for this 
invention is not limited, alumina silicic acid alkaline earth glass, the mixture of an 
alumina, etc. can use it suitably. 

[0035] Moreover, that it can sinter at low temperature as an electrode material, 
that an electrical property is good, silver since it is cheap and easy to treat 
industrially, silver-palladium, copper, etc. are used. 

[0036] In forming an internal capacitor in said multilayered ceramic substrate 
furthermore, it forms the dielectric paste which consists of a perovskite 
compound and a vehicle by print processes etc. What is necessary is just to 
perform the formation approach of an internal electrode pattern and an internal 
capacitor, and the manufacture approach of the layered product of a multilayered 
ceramic substrate according to the conventional various approaches. Although 
the dielectric part might be dented after calcinating, since contraction of a 
substrate ingredient and the dielectric materials for capacitor section formation is 
different when it had the capacitor section inside a substrate, a surface 
depression can be suppressed by applying the manufacture approach of this 
invention. 

[0037] Baking of a multilayer glass ceramic layered product is usually performed 
in a 700 degrees C - 11 00 degrees C temperature requirement in 5 minutes - 4 
hours. In using copper as an internal electrode especially and using 950 degrees 
C or less and silver, it calcinates below 930 degrees C. 



[0038] In addition, tlie manufacture approacli of a nnultilayer glass cerannic 
layered product is not limited to the sheet method, and can be changed variously. 
For example, approaches, such as print processes, may be used. Moreover, 
after producing a glass ceramic layered product by the sheet method, print 
processes, etc., it does not matter even if it produces a layered product by 
carrying out the laminating of the glass ceramic ingredient by the sheet method, 
print processes, etc. on the constituent green sheet which may print the 
constituent paste which prevents contraction of the direction of a flat surface to 
both sides, and prevents contraction of said direction of a flat surface, and 
carrying out the laminating of said constituent green sheet to the maximum upper 
layer again. 
[0039] 

[Example] Hereafter, the example of this invention is explained with reference to 
a drawing. Drawing 1 and 2 are drawings showing the cross section of the 
multilayer glass ceramic substrate in the example of this invention. 
[0040] (Example 1) As a glass ceramic of a substrate ingredient, the constituent 
Si02-aluminum203-CaO-BaO-MgO glass powder and whose alumina powder 
are 70 to 30 in a volume ratio was used. This glass ceramic powder was used as 
the mineral constituent, and as an organic binder, phthalic ester was mixed as 
acrylic resin and a plasticizer, the mixed liquor (30 to 70-fold quantitative ratio) of 
toluene and ethyl alcohol was mixed as a solvent, and it considered as the slurry. 
The sintering initiation temperature of this glass ceramic was 800 degrees C. 
[0041] Sheet forming of this slurry was carried out on the organic film with the 
doctor blade method. In this way, the silver paste and the dielectric paste were 
used for the obtained green sheet, and formation of a conductor pattern and 
formation of a capacitor were performed with screen printing, the vehicle which 
conductive paste used Ag powder (3.5 micrometers of mean diameters) as the 
mineral constituent, and melted the acrylic resin which is an organic binder of 
TEREPINE oar and butyl carbitol acetate - in addition, what was mixed so that it 
might become moderate viscosity with 3 rolls was used, a dielectric paste - 



perovskite compound the vehicle which used Pb(l\/lg1/3Nb 2/3) 03-PbTi03 
powder (0.6 micrometers of mean diameters) as the mineral constituent, added 
sintering acid, and melted the acrylic resin which is an organic binder of 
TEREPINE oar and butyl carbitol acetate - in addition, what was mixed so that it 
might become moderate viscosity with 3 rolls was used. 
[0042] Next, quartz powder (1.9 micrometers of mean diameters) was used as 
the mineral constituent, and as an organic binder, phthalic ester was mixed as 
acrylic resin and a plasticizer, the mixed liquor (30 to 70-fold quantitative ratio) of 
toluene and ethyl alcohol was mixed as a solvent, and it considered as the slurry. 
The sheet was fabricated for this slurry by the same approach as the green sheet 
for substrates. Both the thickness of said green sheet for substrates and quartz 
green sheet was about 200 micrometers. 

[0043] The predetermined number-of-sheets pile and the green sheet which 
becomes both sides of the maximum upper layer and the lowest layer from 
quartz powder further were laid on top of said green sheet for substrates for what 
performed printing of the dielectric paste for a conductor pattern and capacitors. 
Thermocompression bonding was carried out in this condition, and the layered 
product was formed. Temperature made thermocompression bonding conditions 
50 degrees C, and the pressure was made into 100kg/cm2. The configuration of 
this substrate is shown in drawing 1 . Two or more sheet laminating of the green 
sheet layer 1 by said substrate ingredient is carried out, the green sheet layer 2 
which consists of quartz powder as a sheet for suppressing contraction of the 
direction of a flat surface is formed in the both sides, and the internal electrode 
layer 3 and the dielectric layer 4 are formed in the interior of a substrate. 
[0044] Next, said layered product was carried and calcinated to the alumina 
setter. At the belt furnace, baking conditions performed the debinder back at 350 
degrees C among air, and performed baking for 10 minutes at 900 degrees C. It 
calcinated by [ as carrying an alumina sintering plate and pressurizing ] in order 
to prevent the curvature of a substrate at this time and to help sintering 
contraction of the thickness direction. 



[0045] Although the constituent sheep sintered connpact for the direction 
shrinkproofing of a flat surface of a ceramic substrate existed in both sides of the 
ceramic layered product after baking, it was able to be failed easily to scratch this. 
[0046] When the dimension of the substrate after this baking was measured and 
contraction was calculated, it was 0.5% or less. Moreover, the depression on the 
front face of a substrate was not produced, either. 

[0047] (Example 2) As a glass ceramic of a substrate ingredient, the constituent 
Si02-aluminum203-CaO-BaO-MgO glass powder and whose alumina powder 
are 70 to 30 in a volume ratio was used. This glass ceramic powder was used as 
the mineral constituent, and as an organic binder, phthalic ester was mixed as 
acrylic resin and a plasticizer, the mixed liquor (30 to 70-fold quantitative ratio) of 
toluene and ethyl alcohol was mixed as a solvent, and it considered as the slurry. 
The sintering initiation temperature of this glass ceramic was 800 degrees C. 
[0048] Sheet forming of this slurry was carried out on the organic film with the 
doctor blade method. In this way, the silver paste and the dielectric paste were 
used for the obtained green sheet, and formation of a conductor pattern and 
formation of a capacitor were performed with screen printing. Conductive paste 
used Ag powder (3.5 micrometers of mean diameters) as the mineral constituent, 
and what was mixed so that it might become moderate viscosity with 3 rolls in 
addition with the vehicle which melted the acrylic resin which is an organic binder 
of TEREPINE oar and butyl carbitol acetate was used for it. a dielectric paste - 
perovskite compound the vehicle which used Pb(Mg1/3Nb 2/3) 03-PbTi03 
powder (0.6 micrometers of mean diameters) as the mineral constituent, added 
sintering acid, and melted the acrylic resin which is an organic binder of 
TEREPINE oar and butyl carbitol acetate - in addition, what was mixed so that it 
might become moderate viscosity with 3 rolls was used. 
[0049] next, quartz powder (mean particle diameter of 1.9 micrometers) - lead 
silicate aluminum glass powder (66PbO-30SiO2-4aluminum 203 (mol%), mean 
particle diameter of 1.0 micrometers, liquid phase generation temperature of 760 
degrees C) - 10wt(s)% - what was added was used as the mineral constituent. 



and as an organic binder, plitlialic ester was nnixed as acrylic resin and a 
plasticizer, the nnixed liquor (30 to 70-fold quantitative ratio) of toluene and ethyl 
alcohol was nnixed as a solvent, and it considered as the slurry. Sheet fornning of 
this slurry was carried out by the same approach as the green sheet for 
substrates. Both the thickness of said green sheet for substrates and the quartz 
green sheet which added lead silicate alunninunn glass was about 200 
micrometers. 

[0050] The green sheet which consists what performed printing of the dielectric 
paste for a conductor pattern and capacitors of a predetermined number-of- 
sheets pile and a quartz which added lead silicate aluminum glass to the both 
sides further was laid on top of said green sheet for substrates. 
Thermocompression bonding was carried out in this condition, and the layered 
product was formed. Temperature made thermocompression bonding conditions 
50 degrees C, and the pressure was made into 100kg/cm2. The configuration is 
shown in drawing 1 . Two or more sheet laminating of the green sheet layer 1 by 
said substrate ingredient is carried out, the green sheet layer 2 which consists of 
a quartz which added lead silicate aluminum glass as a sheet for suppressing 
contraction of the direction of a flat surface is formed in the both sides, and the 
internal electrode layer 3 and the dielectric layer 4 are formed in the interior of a 
substrate. 

[0051] Next, said layered product was carried and calcinated to the alumina 
setter. Baking conditions were calcinated for 10 minutes at 900 degrees C after 
debinder termination by 350 degrees C among air at the belt furnace. It 
calcinated by [ as carrying an alumina sintering plate and pressurizing ] in order 
to prevent the curvature of a substrate at this time and to help sintering 
contraction of the thickness direction. 

[0052] The sintered compact of the sheet for suppressing contraction of the 
direction of a flat surface formed in both sides of a ceramic layered product had 
peeled after baking. 

[0053] When the dimension of the substrate after this baking was measured and 



contraction was calculated, it was 0.5% or less. Moreover, the depression of the 

front face of a substrate was not produced, either. 

[0054] (Example 3) As a glass cerannic of a substrate ingredient, the constituent 
Si02-alunninunn203-CaO-SrO-MgO-B203 glass powder and whose alunnina 
powder are 70 to 30 in a volume ratio was used. This glass ceramic powder was 
used as the mineral constituent, and as an organic binder, phthalic ester was 
mixed as acrylic resin and a plasticizer, the mixed liquor (30 to 70-fold 
quantitative ratio) of toluene and ethyl alcohol was mixed as a solvent, and it 
considered as the slurry. The sintering initiation temperature of this glass ceramic 
was 750 degrees C. 

[0055] Sheet forming of this slurry was carried out on the organic film with the 
doctor blade method. In this way, the silver paste was used for the obtained 
green sheet, and the conductor pattern was formed with screen printing. 
Conductive paste used Ag powder (3.5 micrometers of mean diameters) as the 

mineral constituent, and what was mixed so that it might become moderate 
viscosity with 3 rolls in addition with the vehicle which melted the acrylic resin 
which is an organic binder of TEREPINE oar and butyl carbitol acetate was used 
for it. 

[0056] next, quartz powder (mean particle diameter of 1.1 micrometers) - HOU 
silicic acid alkali glass powder (42Si02-26Na20-32 B-2 03 (mol%) -) the mean 
particle diameter of 1.0 micrometers, and the softening temperature of 557 
degrees C -- 1, 2, 3, and 5wt% -- what was added was used as the mineral 
constituent, and as an organic binder, phthalic ester was mixed as acrylic resin 
and a plasticizer, the mixed liquor (30 to 70-fold quantitative ratio) of toluene and 
ethyl alcohol was mixed as a solvent, and it considered as the slurry. Sheet 
forming of this slurry was carried out by the same approach as the green sheet 
for substrates. Both the thickness of said green sheet for substrates and the 
quartz green sheet which added HOU silicic acid alkali glass was about 200 
micrometers. 

[0057] The green sheet which consists what printed the conductor pattern of a 



predetermined number-of-sheets pile and a quartz wliich added HOU silicic acid 
alkali glass to the both sides further was laid on top of said green sheet for 
substrates. Thernnoconnpression bonding was carried out in this condition, and 
the layered product was formed. Temperature made thermocompression bonding 
conditions 50 degrees C, and the pressure was made into 100kg/cm2. The 
configuration is shown in drawing 2 . Two or more sheet laminating of the green 
sheet layer 11 by said substrate ingredient is carried out, the green sheet layer 
12 which consists of a quartz which added HOUKEI acid alkali glass as a sheet 
for suppressing contraction of the direction of a flat surface is formed in the both 
sides, and the internal electrode layer 13 is formed in the interior of a substrate. 
[0058] Next, said layered product was carried and calcinated to the alumina 
setter. At the belt furnace, baking conditions performed the debinder termination 
back at 350 degrees C among air, and performed baking for 10 minutes at 900 
degrees C. It calcinated by [ as carrying an alumina sintering plate and 
pressurizing ] in order to prevent the curvature of a substrate at this time and to 
help sintering contraction of the thickness direction. 
[0059] The sintered compact of the sheet for suppressing contraction of the 
direction of a flat surface formed in both sides of a ceramic layered product also 
about which thing had peeled after baking. 

[0060] When the dimension of the substrate after this baking was measured and 

contraction was calculated, it was 0.5% or less. 

(Example 4) As a glass ceramic of a substrate ingredient, the constituent Si02- 
aluminum203-CaO-SrO-MgO-B203 glass powder and whose alumina powder 
are 70 to 30 in a volume ratio was used. This glass ceramic powder was used as 
the mineral constituent, and as an organic binder, phthalic ester was mixed as 
acrylic resin and a plasticizer, the mixed liquor (30 to 70-fold quantitative ratio) of 
toluene and ethyl alcohol was mixed as a solvent, and it considered as the slurry. 
The sintering initiation temperature of this glass ceramic was 750 degrees C. 
[0061] Sheet forming of this slurry was carried out on the organic film with the 
doctor blade method. In this way, the silver paste was used for the obtained 



green sheet, and the conductor pattern was fornned with screen printing. 
Conductive paste used Ag powder (3.5 nnicronneters of mean diameters) as the 
mineral constituent, and what was mixed so that it might become moderate 
viscosity with 3 rolls in addition with the vehicle which melted the acrylic resin 
which is an organic binder of TEREPINE oar and butyl carbitol acetate was used 
for it. 

[0062] next, quartz powder (mean particle diameter of 1.1 micrometers) - a 
sodium carbonate - 0.2, 0.5, and 1.3wt% - what was added was used as the 
mineral constituent, and as an organic binder, phthalic ester was mixed as acrylic 
resin and a plasticizer, the mixed liquor (30 to 70-fold quantitative ratio) of 
toluene and ethyl alcohol was mixed as a solvent, and it considered as the slurry. 
Sheet forming of this slurry was carried out by the same approach as the green 
sheet for substrates. Both the thickness of said green sheet for substrates and 
the green sheet which consists of a quartz which added the sodium carbonate 
was about 200 micrometers. 

[0063] The green sheet which consists what printed the conductor pattern of a 
predetermined number-of-sheets pile and a quartz which added the sodium 
carbonate to the both sides further was laid on top of said green sheet for 
substrates. Thermocompression bonding was carried out in this condition, and 
the layered product was formed. Temperature made thermocompression bonding 
conditions 50 degrees C, and the pressure was made into 100l<g/cm2. The 
configuration is shown in drawing 2 . Two or more sheet laminating of the green 
sheet layer 1 1 by said substrate ingredient is carried out, the green sheet layer 
12 which consists of a quartz which added the sodium carbonate as a sheet for 
suppressing contraction of the direction of a flat surface is formed in the both 
sides, and the internal electrode layer 13 is formed in the interior of a substrate. 
[0064] Next, said layered product was carried and calcinated to the alumina 
setter. At the belt furnace, baking conditions performed the debinder termination 
back at 350 degrees C among air, and performed baking for 10 minutes at 900 
degrees C. It calcinated by [ as carrying an alumina sintering plate and 



pressurizing ] in order to prevent the curvature of a substrate at this tinne and to 
help sintering contraction of the thickness direction. 
[0065] The sintered compact of the sheet for suppressing contraction of the 
direction of a flat surface formed in both sides of a ceramic layered product also 
about any thing had peeled after baking. 

[0066] When the dimension of the substrate after this baking was measured and 
contraction was calculated, it was 0.5% or less. 

[0067] (Example 5) As a glass ceramic of a substrate ingredient, the constituent 
Si02-aluminum203-CaO-SrO-l\/lgO-B203 glass powder and whose alumina 
powder are 70 to 30 in a volume ratio was used. This glass ceramic powder was 
used as the mineral constituent, and as an organic binder, phthalic ester was 
mixed as acrylic resin and a plasticizer, the mixed liquor (30 to 70-fold 
quantitative ratio) of toluene and ethyl alcohol was mixed as a solvent, and it 
considered as the slurry. The sintering initiation temperature of this glass ceramic 
was 750 degrees C. 

[0068] Sheet forming of this slurry was carried out on the organic film with the 
doctor blade method. In this way, the silver paste was used for the obtained 
green sheet, and the conductor pattern was formed with screen printing. 
Conductive paste used Ag powder (3.5 micrometers of mean diameters) as the 
mineral constituent, and what was mixed so that it might become moderate 
viscosity with 3 rolls in addition with the vehicle which melted the acrylic resin 
which is an organic binder of TEREPINE oar and butyl carbitol acetate was used 
for it. 

[0069] Next, what mixed tridymite powder (mean particle diameter of 1.5 
micrometers) and quartz powder (mean particle diameter of 1.1 micrometers) by 
the weight ratio 1:2, 1:1, and 2:1 was used as the mineral constituent, and as an 

organic binder, phthalic ester was mixed as acrylic resin and a plasticizer, the 
mixed liquor (30 to 70-fold quantitative ratio) of toluene and ethyl alcohol was 
mixed as a solvent, and it considered as the slurry, in addition, tridymite - a 
quartz - K2C03 - 3wt(s)% - it added and produced by heat-treating at 1400 



degrees C for 10 hours. Sheet forming of this slurry was carried out by the same 
approach as the green sheet for substrates. Both the thickness of the green 
sheet which consists of mixture of said green sheet for substrates and tridymite, 
and quartz was about 200 micrometers. 

[0070] The predetermined number-of-sheets pile and the green sheet which 
becomes the both sides from tridymite, a quartz, and mixture further were laid on 
top of said green sheet for substrates for what printed the conductor pattern. 
Thermocompression bonding was carried out in this condition, and the layered 
product was formed. Temperature made thermocompression bonding conditions 
50 degrees C, and the pressure was made into 100kg/cm2. The configuration is 
shown in drawing 2 . Two or more sheet laminating of the green sheet layer 1 1 
by said substrate ingredient is carried out, the green sheet layer 12 which 
consists of mixture of tridymite and a quartz as a sheet for suppressing 
contraction of the direction of a flat surface is formed in the both sides, and the 
internal electrode layer 13 is formed in the interior of a substrate. 
[0071] Next, said layered product was carried and calcinated to the alumina 
setter. At the belt furnace, baking conditions performed the debinder termination 
back at 350 degrees C among air, and performed baking for 10 minutes at 900 
degrees C. It calcinated by [ as carrying an alumina sintering plate and 
pressurizing ] in order to prevent the curvature of a substrate at this time and to 
help sintering contraction of the thickness direction. 
[0072] The sintered compact of the sheet for suppressing contraction of the 
direction of a flat surface formed in both sides of a ceramic layered product also 
about which thing had peeled after baking. 

[0073] When the dimension of the substrate after this baking was measured and 
contraction was calculated, it was 0.5% or less. 

(Example 6) As a glass ceramic of a substrate ingredient, the constituent Si02- 
aluminum203-CaO-SrO-MgO-B2 0<SUB>3 glass powder and whose alumina 
powder are 70 to 30 in a volume ratio was used. This glass ceramic powder was 
used as the mineral constituent, and as an organic binder, phthalic ester was 



mixed as acrylic resin and a plasticizer, tlie nnixed liquor (30 to 70-fold 
quantitative ratio) of toluene and ethyl alcohol was nnixed as a solvent, and it 
considered as the slurry. The sintering initiation temperature of this glass ceramic 
was 750 degrees C. 

[0074] Sheet forming of this slurry was carried out on the organic film with the 
doctor blade method. In this way, the silver paste was used for the obtained 
green sheet, and the conductor pattern was formed with screen printing. 
Conductive paste used Ag powder (3.5 micrometers of mean diameters) as the 
mineral constituent, and what was mixed so that it might become moderate 
viscosity with 3 rolls in addition with the vehicle which melted the acrylic resin 
which is an organic binder of TEREPINE oar and butyl carbitol acetate was used 
for it. 

[0075] Next, what mixed tridymite powder (mean particle diameter of 1.5 
micrometers) and alumina powder (mean particle diameter of 1.1 micrometers) 
by the weight ratio 1:1 and 2:1 was used as the mineral constituent, and as an 
organic binder, phthalic ester was mixed as acrylic resin and a plasticizer, the 
mixed liquor (30 to 70-fold quantitative ratio) of toluene and ethyl alcohol was 
mixed as a solvent, and it considered as the slurry, in addition, tridymite ~ a 
quartz ~ K2C03 ~ 3wt(s)% ~ it added and produced by heat-treating at 1400 
degrees C for 10 hours. Sheet forming of this slurry was carried out by the same 
approach as the green sheet for substrates. Both the thickness of the green 
sheet which consists of mixture of said green sheet for substrates and tridymite, 
and alumina was about 200 micrometers. 

[0076] The predetermined number-of-sheets pile and the green sheet which 
becomes the both sides from the mixture of tridymite and an alumina further were 
laid on top of said green sheet for substrates for what printed the conductor 
pattern. Thermocompression bonding was carried out in this condition, and the 
layered product was formed. Temperature made thermocompression bonding 
conditions 50 degrees C, and the pressure was made into 100kg/cm2. The 
configuration is shown in drawing 2 . Two or more sheet laminating of the green 



sheet layer 11 by said substrate ingredient is carried out, tlie green slieet layer 
12 which consists of mixture of tridymite and an alumina as a sheet for 
suppressing contraction of the direction of a flat surface is formed in the both 
sides, and the internal electrode layer 13 is formed in the interior of a substrate. 
[0077] Next, said layered product was carried and calcinated to the alumina 
setter. At the belt furnace, baking conditions performed the debinder termination 
back at 350 degrees C among air, and performed baking for 10 minutes at 900 
degrees C. It calcinated by [ as carrying an alumina sintering plate and 
pressurizing ] in order to prevent the curvature of a substrate at this time and to 
help sintering contraction of the thickness direction. 
[0078] The sintered compact of the sheet for suppressing contraction of the 
direction of a flat surface formed in both sides of a ceramic layered product had 
peeled after baking. 

[0079] When the dimension of the substrate after this baking was measured and 

contraction was calculated, it was 0.5% or less. 

[0080] In addition, even if a cristobalite exists as tridymite and an inside unusual 
appearance, the same effectiveness will be acquired if sintering of the tridymite in 
which a cristobalite exists as an unusual appearance in the sintering process of a 
substrate takes place. 

[0081] In addition, in examples 1-6, although calcinated by [ as carrying an 
alumina sintering plate and pressurizing in the case of baking of a multilayer 
glass ceramic substrate ], since the layer was formed in both sides in the green 
sheet which suppresses contraction of the direction of a flat surface, even if there 
was not a load or ** in a layered product, the same effectiveness was acquired. 
[0082] (Example 1 of a comparison) As a glass ceramic of a substrate ingredient, 
the constituent Si02-aluminum203-CaO-BaO-MgO glass powder and whose 
alumina powder are 70 to 30 in a volume ratio was used. This glass ceramic 
powder was used as the mineral constituent, and as an organic binder, phthalic 
ester was mixed as acrylic resin and a plasticizer, the mixed liquor (30 to 70-fold 
quantitative ratio) of toluene and ethyl alcohol was mixed as a solvent, and it 



considered as the slurry. The sintering initiation tennperature of this glass cerannic 
was 800 degrees C. 

[0083] Sheet forming of this slurry was carried out on the organic film with the 
doctor blade method. In this way, the silver paste and the dielectric paste were 
used for the obtained green sheet, and formation of a conductor pattern and 
formation of a capacitor were performed with screen printing, the vehicle which 
conductive paste used Ag powder (3.5 micrometers of mean diameters) as the 
mineral constituent, and melted the acrylic resin which is an organic binder of 
TEREPINE oar and butyl carbitol acetate -- in addition, what was mixed so that it 
might become moderate viscosity with 3 rolls was used, a dielectric paste - 
perovskite compound the vehicle which used Pb(Mg1/3Nb 2/3) 03-PbTi03 
powder (0.6 micrometers of mean diameters) as the mineral constituent, added 
sintering acid, and melted the acrylic resin which is an organic binder of 
TEREPINE oar and butyl carbitol acetate - in addition, what was mixed so that it 
might become moderate viscosity with 3 rolls was used. 
[0084] Next, alumina powder (1.1 micrometers of mean diameters) was used as 
the mineral constituent, and as an organic binder, phthalic ester was mixed as 
acrylic resin and a plasticizer, the mixed liquor (30 to 70-fold quantitative ratio) of 
toluene and ethyl alcohol was mixed as a solvent, and it considered as the slurry. 
The sheet was fabricated for this slurry by the same approach as the green sheet 
for substrates. Both the thickness of said green sheet for substrates and alumina 
green sheet was about 200 micrometers. 

[0085] The predetermined number-of-sheets pile and the green sheet which 
becomes both sides of the maximum upper layer and the lowest layer from an 
alumina further were laid on top of said green sheet for substrates for what 
performed printing of the dielectric paste for a conductor pattern and capacitors. 
Thermocompression bonding was carried out in this condition, and the layered 
product was formed. Temperature made thermocompression bonding conditions 
50 degrees C, and the pressure was made into 100kg/cm2. The configuration of 
this substrate is shown in drawing 1 . Two or more sheet laminating of the green 



sheet layer 1 by said substrate ingredient is carried out, tlie green slieet layer 2 
which consists of an alumina as a sheet for suppressing contraction of the 
direction of a flat surface is formed in the both sides, and the internal electrode 
layer 3 and the dielectric layer 4 are formed in the interior of a substrate. 
[0086] Next, said layered product was carried and calcinated to the alumina 
setter. At the belt furnace, baking conditions performed the debinder back at 350 
degrees C among air, and performed baking for 10 minutes at 900 degrees C. It 
calcinated by [ as carrying an alumina sintering plate and pressurizing ] in order 
to prevent the curvature of a substrate at this time and to help sintering 
contraction of the thickness direction. 

[0087] The alumina existed in both sides of the ceramic layered product after 
baking, and in order to remove this, 20 minutes of ultrasonic cleaning was 
required. 

[0088] The multilayer substrate with which contraction by sintering does not take 
place at all in the direction of a flat surface by calcinating the multilayered 
ceramic substrate Green layered product which has the green sheet with which 
this invention consists of a constituent which contains at least one sort of a 
quartz, a cristobalite, and tridymite in the making process of a multilayered 
ceramic substrate as mentioned above, the green sheet which consists of said 
constituent containing sintering acid, or the green sheet which consists of 
tridymite sintered with the burning temperature of a glass ceramic ingredient and 
a constituent containing the oxide which be sintered in a baking process to both 
sides be obtained. Moreover, the green sheet layer for preventing contraction of 
the direction of a flat surface established in both sides of said substrate can be 
easily removed after baking termination. 
[0089] 

[Effect of the Invention] A glass ceramic substrate can contract only the thickness 
direction at the time of baking, and this invention can obtain the multilayer glass 
ceramic substrate in the good condition of not contracting, in the direction of a flat 
surface so that clearly from having stated above. 



[0090] Since a phase transformation liappens, lieat slirinl< beliavior clianges 
rapidly witli tlie temperature of transformation in a bal<ing process at tlie time of 
cooling and stress is applied between multilayer glass ceramics, the constituent 
which was used in order to suppress contraction of the direction of a flat surface 
of this multilayer glass ceramic substrate and which carried out the laminating to 
both sides can be removed easily, working hours can be shortened, and an 
activity is simplified. 

[0091] The substrate of the same dimension is always obtained, without being 
dependent on the conditions of the inorganic material and others above- 
mentioned for substrates which this uses for a multilayer substrate. Moreover, 
since it is not necessary to count a circuit pattern backward and how many 
screen versions are not remade even if it calcinates inner layer wiring like the 
above-mentioned in production of a multilayer glass ceramic substrate similarly, it 
is economical. 

[0092] This invention is effective invention which solves the technical problem of 
the contraction error it is without error in the biggest technical problem of a green 
sheet laminated layers method, and makes the routing easy as mentioned above. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of tlie Drawings] 

[Drawing 1] It is tlie scliennatic diagram showing an example of the Green 
layered product of the multilayer glass ceramic substrate of this invention. 
[Drawing 2] It is the schematic diagram showing other examples of the Green 
layered product of the multilayer glass ceramic substrate of this invention. 
[Description of Notations] 
111 Glass ceramic green sheet layer 

2 12 Green sheet layer for suppressing contraction of the direction of a flat 
surface 

3 13 Internal electrode layer 

4 Dielectric Layer for Internal Capacitors 
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AI2O3, MgO. ZrOa. TiOg. BeO, B N<7) 

mkc^mmmm^zmmixa ^ , m nmKtzMznm^ 

mi:^xmMmmm-mt-tmmt^^-^^Kn:mm^z 
mn<Dxmx^-mmi^^bi,z^^^. ^<7)mmi 

m^-fiifmk LT., 5-32721 8^-&m^z 

tiV^X. mtiMmimmi^ziXlX . A yX'-^zy^-yi^ 

mmmm(^mM}&mxuMi^Bium^hir. nyT. ■ -t 

7 5 'y '?mmfA^<niiyy^(m^^m-xmmLX^ 

^'th^m^y^-y9WK(^mm^m-f?fm^ttx\^ 

^(^1^'MzXmi^m1^n(r)W^imitthtzisb<7:) 

<^-mx\imzfm^m^fzfinxh d wmmiznm 

mfmrnLx^-^htz^. mmm(r>m^^j^zi5^^x^m 

§ i-j tcSfaT«Ii < X Mf£i-,t£\^nxnhmm. 
[0011] wm,t. :LayX.^ts:mk(h»-}fmm 



[00 12] 

( 1 ) - ( 9 ) a^wtmzi. ^mm^fih. 

[0013] ( 1 ) i^gpt;^*. t.fzMM'^iim^ 

v^y^mm^Kfz^miSyT. ■ -t^ s ^ ^wmm 

mimxh-^x. mmm^mfiyy^ -^^y^ -y^mw. 

mmLxmmmmmL. z.K^mmf^:i}:.mw 
bt^m^yy^ ■ ^y^-y^mm<^mkifm. 

[0014] ( 2 ) mti^M^'yX --by^-y 
^Zk^mttl ( 1 ) (O^m^yy ■ -byi-yi^m 
[0015] ( 3 ) mm'mmmti\ :^yX-^y^ 

■y ^mu(^'}mwmii^m}:rxm.it-r?^fj\ mm^^^^ 
•tmimxh^^b iwrntth ( 2 ) {ztm<7^m 

[0016] ( 4 ) mmmmtiK ^mmrjv s 

yx. im^^r)V:^^)nyX^ im^\riif]^)±m.:^y 
X. Tt^'^mmnii'yx^ ^^mmr)Vi]^)i]yx.. 7^.-^ 
WDVi^mifyx^ t^'^m^aTJV^^J^'yx^ lY^^nWa 

r)V:^^j±mmx. t^^m^^myx<D\<^'ftiii>- 
mj±xh^ ( 3 ) iztm<^^m:^yx ■ -t^ s 

[0017] ( 5 ) mtmvumwK riu)^ o^mit 
-^mxh^^t^mmt-th (2) i>ztmco^M)^yx 
■ -ty^y^^micommum. 

[0 0 18] (6) ^#:*3j;t^'3 
yry^mM^titz^M^yX --ty^^ ^'Sfeog 

Mij&xh'^x. mf&mcomm^'yx ■■ty^y^mm 

\^^x^-t^hu'j^-iht. ^mmx -^y^^^ 

mm^mfi.Mmzio v^xfm^ lkc^ mtm^:i^mmm 

ti^mm-h .1 b immki-mmnzmm(^^m^'y 

x-^y^y^^m^commirm. 

[00 19] (7) mm^m^ffyx- -izy^-yi^mm 

<^mf^m.iz}6 V ^xfmML^j:vmmw^^. Mffi 

^xh^zk^r^mti-i (6) ^ztmmm^'yx- 

'tyiy^mm(7)mmif&. 

[00 20] (8) fmmi^zmm(^'immnm< 

zk^mmttt ( 1 ) - (7) co^m^yx ■ -t^s 

[002 1 ] (9) fMM^zmii^"u-yy-hmm 
mtmtxmmffd ztmmt-t:^ ( i ) - 
{ 8 ) i>z§m(^^m:^'yx ■ -fe^ s -y ^mm<^mmj 
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[0022] 

[0 0 2 3] -^%mzii\^x. 9^)7^\-)^=>Ay 
[ 0 0 2 4 ] 7 ,x • -t: ^ 5 'v ^mmi:z^m^<-i y^n 

m)^mz^-m. ^'u.xhA'^-^ bioj;ti;>ij>^v-< h 

MiX:X^<mMzXh . 
[0025] mffBfflBJcW. ■ -t^ 5 -y ^'S 

t£h'y~vhmm \^x\'^hfzi^mm\z^m-n^\zwm 
mw.<^^^m^m^-fi>-iinzm-y]m-t-ht}K mimw. 

[ 0 0 2 6 ] mwmh\±mmkmiii-Mmz^ 

*^^>, m^mm^'^ht^:<x\.. M^j^tt^tio 

x%h. 

[0 0 27] mtmmammmm^-'^^Lx^^h ^ t 
mjtu\ ^^M^ii. wm^zmmLfzmtmmw 
i^-Ymz»^L. mmuzm:^'^x ■ -t^s .y 

M^'^\-Lt^^(:>i<z'^^\,z^xht^^xhh. miwm 



-/9mmymBkmzii\^xmi^'f. mu(^)mm^z:fi^ 
mym.xm£fh „ fm(^Mmxh 1. 1 rm^^zw^ 

w.b(ni^\,zm-fim-^t-^-3Xh . ^(T^^-^ti^mm^tih ; 
bt^hh. MznL. mmmi^^tjmM^wm^z 

mm-ft 1 1 1 j; D J; 5 ^ra1^^@3iT-§ , J; o w 

bt3j;t;^> >; v-'^-^ bii»r«it*fmm*<j2 o 

P p m/°C , 5 0 p p m/''Ci3it/^4 Opp m/'C 

b^m^^yx ■ ^y<'y^mmm^zi:t''^x±^^\._. m 

[0028] ^iSM'Jt LTii. ■ -fe^ 5 >y 

9mmmtmmMr&viTxwtti-jj\ imi:m:t 

mitt I zbizx-^x wmsmmu-i'm±fm'^ti 

-ti^bi/zx-o xmBmms<^^i^mii^Km i . 

\mb Lx\m{zim.^f\.hh<nxw£\-^tiK ims^r 
)v 5 ^ , imM^nvii ^}iiyx. ^mMhri^f] u ± 

10 0 29] tfz. mmmb LXTJVii U ^Wt^ft 

ifiJiiir^i-^ ^ b \zi m^mth 

m})^-^d^. m.i}')-^d^. ^mfv'i-^d^. mw) 

[00 30 ] '&J,Zimmzii\ ^X . ^m^yx ■ ^r^S 

•yi^comf&mmizi5\.xfm^-ti y- y 'y-?A y-b. 
■ ^y^v^cDmmm^z}5\^xm^L^£\<mt 

^ii^'^x ■ ^y ^ y ^mm^ V -ymsmfrnt. 
[00 3 1 ] hui^-?-! himf^^^ymmzx omis^ss 
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mmw4 0 p p m/"az i>m-ti. z. cotz^:^'yx ■ 

^r^S 'y^ltS (*^3-l Oppm/°C) ttOilP^ill 
m'0-tWX^mi,zliti''tLXLtdlbti^h^. ^ti 
m<'fzi^iz^Mmx ■ -fe^S -y^'SM#*4;7)MJ^?a 

mkiz^—umxm.izm^tii x o ^z-th . mz 
mm^^<m'o^\-Lt)m^^ztj:t. zco^c^m 

ill. 'tyi^yi:^crMmmizi6\^xm^tlh 

^) 1^-7 A ^mzr)Vij^}±mit-^m^m\iLxm 

m^^-fi z. bm^zi^-ixim-th z. h t^x^ s . 

^zh\-^x'm^L^j:\mimtLx\mi,zm^^ti^j:\-^ 

[0 0 33] ^ y X V >{y -i hfc j;t» U i^'^-f 

h . t tz\xmm}mi:'^Mt-6mmmt-^t£h ^'v 
-yi^-h. tfzit^m:^yx ■ 'ty^'y:^mmm<7) 

Lximtmmw t immizmi t =srv ^iimm<Dmm 

^xm,m-fo,ix\^. 

[ 0 0 3 4 ] ^^3. ±Mmmzi5\-^X^m:^''yX ■ -fe^ 

[0035] t.fzmmm\h Lx\mm:'^tmmx 

[0 0 3 6] ^^{zmtt^m^'yi-y^Wmznm^y 

i^y^^mm-hm^i>zi,t. ^u^xii-^ Ht-^m 

jfM-fi. ^mmm^^^-ytixx/^m^yr'y^com 

m^^m^^ifmzm-^x'€i),ii\'\ SKi^iit^^y 
ry^iJ^^-ri-Ji^fctt. mmm-itayTy^^m 
f^m(^)mmmm(^Mmmtim o tzmz^mjimm-mw- 
Wj^tmtj zbifih-3 fziiK ^mmmmf&^mm^ 



[00 37] ^mUvX. ■ ^"y^^y^mMmMWM. 

wmi'^'Tt-Amnxi o o°c-i i o o°ctosEtEH 

{i9 5 O-CtJlT. ^^<£fflt-|.=^^t{i9 3 OrOTT 

[0 0 38] 5rfc. ^Ji^'^X ■ -b^S ■y^'«ii#:OS 

fz. H'yx ■ ^v^^y^mmm-y~vm^m\^^z 
±Mt,zmumimmi^v~yiy~ h ^mmi-i ^t^z 

WMmimLXhib-th^j:\\ 
[0039] 

[0040] ( mmm i ) smnm'yx ■ -t ^ 5 ^ 

^J'h LT. S i Oj-A 1 iO.-C a.O-B aO-Mg 
O:ij'yXfmtTJl^-rf;^Mi3mii:tX7 0n3 0Xh 

^m^u yyt LTT^ vmm. -mmt t 

T7:5';i/Kxxx;i/. ^Wlt IX h}Vx.ykx.f:iUT)U 
3-;t/£7)M^M (3 0^7 OfiMit) ^?Fcf>L-X7 
t Lfz. :L(niJyX ■ -^7 5 •y^'c?)Mli!iljf1i^,'*£J^{i8 0 
Q'CXh-yfz. 

[0041 ] Z(ry7.^ y ^^'-ri^ - KST-^SI 
@ 3 . 5 /.t m ) ^|ffi^)t^^ t L . M y yx% h T 

^ \) ivm^B * f V h° j; t^7"-?^;P;^? /L- f h ~)V 
r-fex- h t» Lfz ft i i t:jDt T . 3 *n 

^u-fxijA Pb 

( M Si /3 N b ) O3 - P b T i Ogf;]^* { Ti^Sfi 

0. 6//m) ^isafig^^fct. immm^nt. 

jD;tT. 3*n-;Wcj;i95tffi=Srttm;:^.& iatcii-^ 
[0042] mz . Sm^* ( 1 . 9 m ) ^ 

mh LX-y^JVms^XfJV^ \m\h LT b;l/xy tx^ 

;t/r;t'a-;l'OfM^fg { 3 0M7 OfiMib) ^^M^LX 

^y-i:L;t, ^coxyv~ismm^'>j~yy~ht 
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-ht U~yiy~h (Dm^i^l^zm 2 0 0 // mf 

[0043] mMMum^'j -y h izm^^'^^-y 

mi. ?£E*^'5 0°C. 1 0 Okg/cm^ t t/t. Hi 

i<z^(^mi<7ymm^-f. wmwrnm^ziit^'^j-y 

[0044] \'K\,zmmM^^r}v^^^ v 9~\,zm^ 

^or^wM y^m. 9 0 o°cT-i oji^mm^^n'^tz. 

[004 5] '):Mts^^) t ^ 5 ■■/ :7mig*^^Mtfil(C(i-t =7 

[0046] ^<Dm^m<^mM<^-^^m^iimm^ 
mM.-tit. 0. 5%i:j.TX'h-3fz. tfzmmmm<^m 

[0047] (mtmrz ) &mm<^)^'7^-ty s ^ 

ttX. S i O2-A 1 2O3-C aO-B aO-MgO 
:ffyXmmhT)]^^i-mm^^itT7 0^^3 0T'35S 

k ^m->u yft Lxr9 '))vwm. ^mmt lt 

y^yl^Sx^T-Zl-, MiJt LT Y)VJ^y}iJUf-)VT)Vu 
-)Vayn-^m ( 3 0*^7 OSiJt) ^il-^LX^U-t 
t!^^„ ^(Mj'yX ■ -t7 S -y ^'(7)M^ffl4^M48 0 0 

[0048] ;^0X^U-^^'^:5'-7'■^- f^'^T-*« 

^-ymMisXx/^yfy^com^^x^ v~ym\ 

fi 3 . 5 m ) ^:mtm-i^k I . irSA'^ y rt-fe «. r 

;H;J; *)miM^j:mmiz^j:hXdlzm.^lfzi>coim^ 
tz o h , h -ft^JT^i P b 

(Mgi/3Nb2/3 ) Og-PbT i Ogf,^* (WSfl 

0 . 6 urn) ^wms/jf b L . mmm^Mt. ^■ 

)Vi})V\Lh-JVr'^T-hXWpLfz'c'o^)Vb bh^Z 
MtX. 3if.vi-MzX ^mSfx'^mz^^hlo^zn^ 



Ltzi,cr>^m\-^fz. 

[0049] mz. 5^'* i^mm. i . 9 m ) 

SMI'pT^PS;;?'^-^^?)* (66PbO-30SiO 
2-4AI2O3 (mo 1%) . T±^S|51. 0//m. ?S 
ffl*fi!c^Jffi7 6 0°C) ^ 1 Owt%jDi/i^>(7)^iE^fig 

T7^;1^Kxxt-;1^. jMOt LT h/Pxytx^/L-r/L- 
( 3 0M7 OfiMit) ii^-^L7.y U- 

i:Uc, ::cDX7U-^asffl:;'"y-yy-bi:^a^ 

MiMzm 20 0 n mX-h -) fz . 

[00 50 ] luiasteffl^-'j-y^—ht^fr^N-^-y 

^7X&?iJDL/i5^ J: 0 ^:l> ^" U -y y- b ^Sta^ 
*^m±. ?aS;6i5 0°C, J±^« 1 0 Okg/cm2 b Lfz. 

m 1 \,z^<^mmm. mmmmzx s iJ^-y-y^ 
-vmit-mmm^ti. ^<7:i^\,z^-m-yi^<mm 

'kmthfz^<n'y-Yb ^^XimM^TJV^i^vX^Wm 

I ^25^cfc D ^-s / 'J - y y- Mi 2 mm^K. 
■mm 3 *3 j; umw^m 4 ^^te^is t^ffM $ ixT v ^ 

o 

[005 1 ] i^:^;|friB«M#:^r;^S:^■tv^-^;ii^^: 

'MitLT^r, mskmt'^j^vw^zi.'^xm.^. 350 

rt-M-^^'-^ y^'HTf*, 9 0 o°ct-i 0 'iimM}..- fz.-. 

hfz'ih\zr}v^^>mm:mtxim:thi.^\>zLx>^ 

[0052] imm. 7 S -y ^'ltii#;OMH{CJFM$ 

ttfz'm-HH(nwmmLhfz^(niy~Yo^'m^m<t\t 

[0053] ^<^m:imwm-^&'kmm^wmk 
mn-th 1 0 . 5 %\:xyx'h -otz. t fzw^crimmcm 

^^ij'^f^xt^-ofz. 

[0054] {mmm3 ) mwMm^y:^'yx ■ S -y 

9bLX^ S i O2-A 1 aOg-CaO-S rO-Mg 
O - B 2 O3 ;!? b T)V 5 i-mm-Wm&X' 1 OM 

3 ox-hhmm^m^^fz. ^(Dfi'yx ■ '5. -/9'^^ 
k'^mL'jtb mmA yfb lxt^ ^jmm. ^ 

m^\bLXy9)l'm:!^X^)V. mmbLXV)VJ:~ybs, 
^)Vr)Va~)V(DU-^m. ( 3 0M7 OfiMJt) SrM-^t 

mm 5 0''cx'h-^fz. 

[00 5 5 ] U-^ b'^' KajTirii 

7^;i/A±tcy-hj3icUL/i. ; d LT#/i^"y-yy 
- b tM^-x b ^ffll^T»f^^^^°3?-yo?fM^:^^? U 

-yEPfKt;J;-oTff-o/-c„ Agf,^* 
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[00 56] 1 . 1 Xtm ) 

^j^'^a^r;!/^ y ( 4 2 s i 02 - 2 6 

NagO-S 2B2O3 (mo 1 %) . 1 . 0/x 

$mfaS5 5 7°C) ^1. 2. 3. 5wt%iP;t>t 

yt J^'h)UrfUzi~j]^<7)m-^W. ( 3 0M7 OfiMJrb) ^ 

L X ^ y - L , ; x ^ y - * ssffl y - > 
[0 0 57] mtmu^^'^J -y>- h izmi^'^^-y 

!±1 0 Okg/m^blfz. H2(:^i?)ffllig^5K-f-., HUlBS 
KWflt.i S /ij -> >- Mi 1 1 ;^)i^i(ftai§tL. 

^coit^mz^myjmffMm&mtitz^coi^-htLz 

-y^—bMl 2*i?]?j^§tL. i*|g|5«®Ml 3tmM\f^ 

[0 0 58] ^>a::luuEffflg('Krr/V'$-^'tr«/^-t3i5-li: 
*ML/-^„ M)3^t^mi^/^^^fl:J;-^■CSM4I. 3 50 
"C-CM^^'^ >';S^'*^Tm. 9 0 0°CT'l o^mm^^'if-o 

[0 0 5 9] mfS.m. V>mcOicOt:oUTi-b7 5>y 

mMi^commi>zm^^tifz^mi3\^<^immiifz 
[0 0 60] zc^Mmmmmmm^:mMLimm^ 
(Ii56fij4 ) mmmmmy:^ ■ -t^ s -y ^ t lt . s 

i O2-A 1 jOs-CaO-SrO-MgO-BaOg;?^ 

y xfT^* t Tjv 5 i-miF.fmmYtx 7 0 M 3 0 -c-fc I. a 

L. y^-fc LTT^' y/i-siig. lt:? 

^/t'SxxT/t'. MiJi: LX Y)V3Lyb3L^)Vr)Vzi~ 
)V(^m.-^m. ( 3 0^7 OfiMJrb) ^fM^Lx^y-i: t 
/-Co ^ O^^X ■ -fe ^ 5 >y comUft^Mi 7 5 0 °C 

[0061] ^a^7.y^)~^Y^f~yv~ ¥mxn 
y ^)VJ^}L\>zi^~vm^Lfz. :ioLxntz9'^)-yi^ 



-f s r y )vmm ^ x ^ t j; y'^-jv^ jv 

3i^u~Mzk ^mm^x^hmzt^h^o ^zift-^LtzhcT) 

^m^^fz. 

MM-^^y'>A^ 0. 2, o. 5. 1. 3wt%jii 
tfzho^^^m^-^b y^'-fc Lxr^ y/L- 

xy tx^;kT;l^a-;l^O?M-^?iS ( 3 0^7 OSMib) 

^m^L:^y^)~bLfz. ^0x7 y-^SM^'y- 
yv— b fc nm.<ni5mx->-~v)mLfz. mtimmi^' 

y')-yi^-h</M?i-\i.Mzm2 OOu-mXh-otz. 

[0063] ifriESTO^^y-y v'-^ts#^^°^-y 

b y '^i^ L/i5^ J: 0 5r / ') -y 

i^- h ^mfs^^h^tz. ^(^'m.x-m&mLxmmm 
m^Ltz. m&m^m±. \m.¥5ox:^ j±:^{ii oo 
kg/cm^tL^o m2\,z^aymm^^. mmmmm^z 

j: I. y - y y- Mi 1 1 fmmmm ^ti. ^ ^wm 
\,z^mi5^(^Mm^:ntttzm)=^-vbLxm.i'V 

m^^ti. ^uwmi3iimmmzmm^tix\^ 

o 

[0064] J^tf)iSfSM**T/P5-h-b >y 9~{zm^ 

m^Ltz. im^mx^)VY¥i<zi-,x'i^%^-. 350 
'cxwu yrmTik. 9 0 o°ct- 1 o-'Mm^^'n-i 
fz. zmm^coR'om±L. m^if\^comimi 
mf hfz^ nv s ^>^mi.^mtxim:fh i a lt 

'im.^M-yfz. 

[00 6 5 ] mMk. VyfKha~)\,z^j\\Xh'^y^ -y'; 

mm\i^omm>zf^mfd-z^m}iHoMmm^L t tzyb 

b a^>mmtm^iix \ ^fz . 
[0066] z(nm.\m-m.<r>^mmM.Lwmm: 
tm-fhbo. ^mx^xhnfz. 
[0067] mmm 5 ) wmw^f^yy^ ■ s -/ 

i^tLT. S i O2-A 1 aOg-CaO-S rO-Mg 

o - B 2 O3 iiyxW^ b TJV 5 ')'Wm^^X im 

3 ^XhhtWM^^^^fz. ^(Dfiyy. ■ ^y'5. '7 9'^^ 

^'^mL'Ttb mmA yfb lxt^ ^jmm. ^ 

LT:7^;t'iSxj:^T-;l^, jfMi: LT h/t^xytx 
^;I^r;P3-;I/i7)ii-^?iS ( 3 0M7 OfiMJt) SrM-^t 

mm 5Q''cxh-^fz. 

[0068] L(T)xy y-^ ]^mx^m. 

- b tM^-x b ^ffll^T»f^^^^°3?-yo?fM^:^^? y 
{^mm3. 5/xm) ^iE«Jj!c*i:L. »^--<yr 
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[0069] b y 1 . 5 

T-1 : 2. 1 : K 2 : 1 TlfB^L/il)OSr*^li^^^t 

( 3 0*f7 OMRit) ^U-^LXyV-t L 

Jot, 14 0 0°CT- 1 0B§rBlMi-ri> ^ i oTi1^ 

iimx h ifz . mmmum^' v-yi^-hi6X 
[0 0 70] friasTOi?"') -> n imi^^^^-y 

f&ifz. ms.m^mt. ^^&t^5 or. miti o okg 

/cm^tL^^o 02i:^toffiig*7r^^.. fifaSMW4tj: 
l.^'-y-y^-Ml Ij^fiMKfa/lSix. ^tOMffit: 

b i:53l(7)ii^J; O^S^^y-yv— bii 1 2*i?^fi!c 

[0 0 7 1 ] mzmamMWrTiV^-j-ii^y^-izm: 
MiS^lfz. M)3^t^mi^/^btfftJ;-^■CSM4I. 3 50 

"c-cM^^'^ y^^r^k. 9 0 o°cT'i o^mm^^'if-o 
mi-i fzKhrii'ii-^mm-txii\i&-th xoi^zix 

m^i:'€^fz. 

[ 0 0 7 2 ] MjiSJS, V>mcOicOt:oUTi-b7 5>y 

mMi^commi>zm^^tifz^mi3\^<^immiifz 
[0 0 73] zc^Mmmmmmm^rMMLimmi: 
{mmme)mmm4mxx-\zy^'yi'tLx. si 

O2-A 1 2O3-C aO-S r O-MgO-BsOs;)!?'^ 

1 7)v s -rfrnfmnitx i on^oxh^m.^ 

L. y^'k LXT^ U/t-Sllg. Lxy 

9)Vm:^x^)V. m\h LX Y)V3zyh3z^)V7)Vzi~ 
)V(^m.-^m. ( 3 0^7 OfiMJrb) ^fM^Lx^y-i: t 
/-Co ^ O^^X ■ -fe ^ 5 >y comUft^Mi 7 5 0 °C 

xh-^fz. 

[0074] ^a^7.y^)~^Y^f~yv~ Y'SiXn 

y ^)V2^}L\,zi^~vm^Lfz. :LoLxWz^'V-yi^ 

-hizm^^-x b ^:mv^xmi^r^^~ymM^x^U 

-ymmzx-^xn-^tz. mi^^-xhu. as^^j* 



( 3. 5tim) ^te^Jt^i: L . ^^JM y¥ 

Xhhr'7') MMn ^ T ^ b° J; y^/L-^ /L- 

fb-ZPT-bf— bt-^L/tb-b^/L-i; t 

[0075] b y v'^-^ bi&'* 1 . 5 

*J;bT-l : K 2 : 1 TlM^L/i ^.t^^Hilfig^v^ t . 

^)<^A yfk Lxr9 y;WMi. ^M^ot Lxy9}V 

Kxxx/t-, M'Jfc LT hfl'Zr.ytzr.f-fVTfl'Zi-fVcri 
U-^m ( 3 0M7 OSMih) i:U^lXyV~t Lfz. 

by i^'-e^ bas^t^KjCOg^ 3wt%f3sjn 

L , 14 0 0 °CT- 1 0 B$rBlii5!aJM-ri> Zk^z2:nXim 

Lfz. ^c^)xyv-^:mum^"v~y'^-vtmmc^)ii 

mX'iy-hmBLfz. miSmmif^J~yiy~hi5XU 

b y b T)l 5 -:^0?Ft^!rij j; ^^x^^'U 
b ^Olf^ttft tl^ 2 0 0 At m Xh n fz , 

[0076] mtmm.m'^)-yi^-v\zmw.^^9-y 

Mffit: b y >>'v-f b 1 771- 5 -?-(7)?Ft-^!i=!)i j; 0 -1. y - 

yi^-Y^mh^h^fz. ^(D^rnxmsmLxmrnw- 
^m^Lfz. mi±mmm. •i^mff^5 0"c, jh^ai o 

Okg/cm^tLfz. [l2(C^£0«&7]s-ro HijIdSfeWf^ 

w,z^m-yin<^m^nthfz^<^i^~ b t t-c b y i^" 

b.hT;L'5-^OjF,-^ft,4: '9^:a^-y-> >-bill 
Hm^^fl. I^g|3€®il 3^«|*lg|3t;ffM§ilT 

[0077] m.zmmmmriv^')^^ >-/ 

m.Lfz. Mlt^mi'^/^b^t^ioTSM^, 3 50 

°CT'IMA'^ y^-|$7t*. 9 0 ort-1 o^WM^ff-o 
m,'fhfz}f^rjv^^>mm.^mtxnm'h j; 5 1 lt 

[0078] >^mk. 5 'y ^'mii#:OMffitffM§ 
■ti^KX\^fz. 

[0079] z<r>mAmwm-^mmM.hwmm: 
wm-hkQ. 5%];xfX'h'ofz^ 

[0 0 80]=5:*J. hV'J-?-^ hk^mmtlX^UX 

ht^^mxi,. mm(rm^Mm^zi5\^x^'v 
xbvs-5>f h^^mmt Lx^^-ri b y 'j-?^ hcofm^ 

[0 08 1 ] ^j:i5mmmi--6^zi5\^x. ^m^yx ■ 
s 'v ^ mm(ofm(om^zTii' s -rfmm^:m-txM 
BthXd ^zixmf^i'€-ytzi)\ mmiz^mif\^(^M 

m^Wt i>^'U~yi-~h ^:MmM^tiX v^hfziib 

mmmzm-m.Mit£<x h mmcommmwz. 

[0 082] iirnmi) &mm-\m'yX ■ -iiy^i^y 
iJ'fcLT. S i O2-A 1 aOg-CaO-BaO-Mg 
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0:^'yxm^t T)i^ii'm^i}^imitT 7 0*f 3 0 T'S) 
'jih L, y¥h LXT9 U/MSIg. ^m\h L 

zi~)V(DWL-^m. ( 3 0M7 OfiMirb) ^M-^l^y y- 

[0083] y-^ ^'-7"^- 

^' - y t^ffM*^ i V 3 y X y^a^m^ S: x y - y Epffl 

J; T^T-o » Hi. a g ft'* ( ^mi 

@ 3 . 5 // m ) L . ^m^U yyxh h T 

r-br- b T-m^ lfzh'h:?fltti> izMlX . 3 *n 

„ fi«#:-^-x h {± , 7-,x ^ -f h f t p b 
(Mgi/3Nb2/3) Os-PbTiOs^J* i^mMi 
0. 6/xm) ^liK^^tL. ;^M^JDX.. 

)V:^)V\zh-iir-iif--hXmt^lfzh'h^>Vt bhi,Z 
MIX. 3^n-MzXmm^j:^mz^j::^XoizM-^ 

[ 0 0 8 4 ] j^rt . r;i'S iw-mw^ i. lu 
m) ^mim-^ti. ^m^uy^^tixr^vm 

y^x^;^r;^3-;^^^)^I-^M (30M70fiMib) 

?i^LX7y-i: t3^c. >icox7y-i:*«ffl^'"y-y 
y - y ^- b fc r;i/ 5 -fiS^ y -y b coW^^^Ji^tt;:^ 

2 0 OjumXh-ofz. 

[0 08 5] frfBaTO^"y -y ^- b i^zmw^-^^-y 
m^<7)mm^mh . $ ^> t ^<7)ft±Mt5 j; t>'*Tii 

OMffi t S J; 0 y - y 1- ?:Mh^h^ 

ffa, ?as*^'5 o°c, 1 0 okg/cm2 b Ltz. mi 
i^-YmiifimMmm^ti. ^<mm^z^mn\p\<r>WL 

4 i)^mm^^mzmfs.^tix v ^ s „ 

[0086] j^ictlfriBffim^r;^^ y ^-tiii-it 

°cxw^^ y^'ik. 9 0 o°cT-i oj^^mmfS.^:n-:>fz. 



[0087] Mfigf^t^^r 5 S ■y^WMi^commi^ZliT^l^ 

^-r^m^Lxti^. ztiim^t6fzMz2oj]^m(o 
mumtmmttz. 

[0088] 0 ^M-ir 7 S V ^'S 

y-y^-- h . tfzmmmm^^^i-mimfmij^ 

^)^§^'"y-y^-h. ttzli^'yx ■ -^y^'y^Mm 

Mii^i L^v «jt!ri)i^#ti'fflfi!ctj*^ ^ y - y b 

^MHt^r-ri>^ii-fe7 s v^'S«^'"y-y«ii#:t^M 

mmmmim^zmmzM m<zb t^x-^ s . 

[0089] 

^mm'yx ■ ■^y^'yi'wi^ib^mm^i>zt5\>-^xm^if 

[ 0 0 9 0 ] Z(7)^m:^'yX ■ -(r7 5 'v ?'-iSKt')1'iH]:^ 

[009 1 ] Mzx *:)m^m^zmtimmmmm 
mm^(ommm^mzm^^-fi,znm-^m<^mm 
t^ni^ti^. tfz. mmizm^^'yx- ^y^-y^mu 

(r)imizi5^^Xw'\^^M< i^MiaHo-m^ffoT . 
mi^^^-y^rM^-tl'^'WPKi: < , -X^ y -y)K&M 

[0092] ]ii±<7)j: a i/y-y^-b« 

comTM^m^tc hcobti ^m^mmxh h . 

[01 ] ^%m<r)^m:^'y^ ■ ■tys.y^^mmc^^'^j- 

ymmi^co-0ii\i^-tmmmxh t . 

[02] -^%m^^m^'yx ■ ^r^s v^s^Oi/y- 

ynM\¥(r)\mmim^Wi^mxhh. 

Kii ^^7;^ ■ ■fe7S-y^'i/y-y>'-bii 

2.12 wmi5n<r)im^nthfz}^<r)^^)~yi^ 

-Mi 

3.13 i^gpmsii 

4 rtSP^yry-ffffliSmii 
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